Streptococcus pyogenes (group A streptococci [GAS] ) is a common human pathogen responsible for a variety of clinical manifestations (4, 8, 16) . Most common are superficial infections of the upper respiratory tract or skin, while invasive infections such as necrotizing fasciitis (NF) and streptococcal toxic shock syndrome (STSS) can be life-threatening (8, 11, 16) .
A major virulence factor of GAS is the M protein. Different M-protein types are epidemiologically associated with particular syndromes; e.g., M-protein type 1 (M-1) and M-3 are associated with higher frequencies of severe invasive disease and increased rates of case fatality (21, 23, 27) . Introduction of penicillin virtually eliminated GAS in developed countries until the 1980s. Then, increased invasiveness, reflected by an increased number of cases of septicemia, NF, and STSS, were reported from the United States and Europe (8, 12, 17) .
The Norwegian Notification System for Infectious Disease (www.msis.no) at the Norwegian Institute of Public Health (NIPH) has recorded cases of GAS bacteremia since 1977. Incidence rates were less than 1.5 per 100,000 population until 1985 and 1988, when two outbreaks occurred. This was followed by an unusually low incidence rate during the next winter (17) . A new outbreak developed in 1993-1994, followed by high incidence rates in the years thereafter. In 1998, yet another outbreak occurred, and the incidence rate was 5.8 per 100,000 population. This is, to date, the highest incidence recorded in Norway (Fig. 1) .
The National Reference Laboratory for Streptococci at NIPH receives most GAS isolates from invasive cases of infection that occur throughout Norway (NIPH received between 67% and 82% of all GAS isolates in the years during the period considered). To determine whether changes in the epidemiological situation reflected changes in the disease-causing strains, we characterized 100 isolates causing invasive disease using antibiotic susceptibility testing, T typing, testing for serum opacity factor (SOF), emm typing, and multilocus sequence typing (MLST). By using the random number generator "randbetween (bottom, top)" (Microsoft Excel software), 25 isolates from each of the years 1988, 1993, 1998, and 2003 were selected from among the isolates from invasive cases received at NIPH. These represented from 8% to 16% of the cases of which NIPH was notified in these 4 years and, to our knowledge, contain no systematic biases.
All isolates were grown in 5% CO 2 at 35°C overnight and were examined for antibiotic resistance by Etest (AB Biodisk, Solna, Sweden), as recommended by the manufacturer. The MICs of benzylpenicillin, clindamycin, erythromycin, ofloxacin, tetracycline, and trimethoprim-sulfamethoxazole were determined. T typing and testing for SOF were performed as described previously (18, 19) . Chromosomal DNA was isolated by boiling in Tris-EDTA buffer or, when that was not sufficient, by the protocol given at http://www.cdc.gov/ncidod/biotech /strep/protocol_emm-type.htm. MLST and emm typing was performed as described previously(3, 9) with a pipetting robotic platform (Epmotion 5075; Eppendorf, Hamburg, Germany). The PCR products were purified with exonuclease I and shrimp alkaline phosphatase (USB Corporation, Cleveland, OH). The sequencing products were cleaned by filtration with a Montage SEQ 96 sequencing reaction cleanup kit (Millipore, Billerica, MA) and were sequenced on an ABI 3730 DNA analyzer (Applied Biosystems, Foster City, CA). New emm subtypes and new MLST alleles and sequence types (STs) were assigned by the curators of the databases (http://www.cdc .gov/ncidod/biotech/strep/strepblast.htm and http://Spyogenes .mlst.net, respectively).
The 100 isolates were from patients whose ages ranged from 1 to 98 years. Five patients had been diagnosed with STSS (one 11-year-old and four adults 25 to 63 years old) and 12 patients with NF (all but one were adults 39 to 74 years old). Meningitis cases were detected in children or young adults, while pneumonia usually occurred in children or elderly individuals.
The most prevalent T types were T-1/SOF negative (48%), T-3/SOF negative (14%), and T-28/SOF positive (9%) ( (Fig. 2) Susceptibility testing revealed two erythromycin-resistant isolates, one of which was also resistant to tetracycline. Tetra- cycline-resistant isolates were genetically diverse (five STs) and were mainly emm-22, emm-53, or emm-77. All five emm-6 isolates were ofloxacin resistant (MIC range, 16 to 32 g/ml), and finally, two ST-28/emm-1 isolates were resistant to trimethoprim-sulfamethoxazole. While macrolide resistance rates of over 20% were reported from Italy (6) and both macrolide and tetracycline resistance rates of over 90% have been found in China (10), antibiotic resistance in GAS is still rare in Norway. This finding is consistent with previous reports from both Norway and Denmark (13, 14) . Only one ofloxacin-resistant emm-6 isolate has been reported previously (15); however, the major part of fluoroquinolone nonsusceptibility is found in emm-6 strains (1, 15). By randomly selecting 25 isolates from our strain collection for each of the 4 years, isolates from only a small and variable proportion (8 to 16%) of the total number of cases that occurred during those years was analyzed. While the number of cases produced by the identified strains may also vary between the years that we selected, our study shows a significant trend of increasing genetic diversity among GAS isolates in Norway between 1988 and 2003.
The results of MLST correlated well with those of T typing and emm typing and also resolved a new SLV of ST-28 (ST-415) that was otherwise indistinguishable by emm typing or T typing. Nearly two-thirds of our isolates were ST-28 and ST-15, which have been associated with the dissemination of M-1 and M-3 strains around the world (20, 21, 26) . It must be stressed, however, that substantial levels of genetic diversity may exist among strains of the same MLST and/or emm type. In 1988, T-1 strains caused an outbreak in Norway with a more than doubling of the incidence in comparison with that in the previous year (Fig. 1) . Neighboring countries, Sweden and Denmark, were also affected, and case fatality rates of 48% were reported (2, 25) . At the same time, England and the United States experienced marked increases in M-1 and M-3 cases, and these were associated with increased case fatality rates (5, 22) . In recent years, emm-28 dominated in countries neighboring Norway, Denmark and Finland (14, 24) , while emm-89 dominated in Sweden (7). In Norway, ST-28/emm-1 still remained the most prevalent strain in 2003, even though its frequency had dropped considerably in the previous 15 years (Fig. 2) . This trend is apparently still continuing, as in 2006 only 13 of 158 (8%) isolates received at NIPH were T type T-1. It might be speculated that the ST-28/emm-1 strain has changed genetically and is somewhat less virulent than it was in the late 1980s.
Of the 15 cases associated with ST-15/emm-3 strains, 6 (40%) were cases of NF or STSS, while only 11 additional cases of NF or STSS were caused by strains of other STs (chi-square ϭ 6.62; P Ͻ 0.02). This suggests that ST-15 isolates are more virulent than other strains, as also reported in a study from Canada, where M-3 isolates more often caused NF and death than M-1 isolates did (23) .
Our study demonstrated a significant change in the genotype distribution of GAS strains associated with invasive disease in Norway over a period of 15 years. It is of outmost importance to continue to carefully monitor the epidemiological trends of this pathogen. Because of the severity of the clinical presentation, the increase in ST-15/emm-3 cases is of concern.
